Three food types were analyzed for the presence of Salmonella by the AOAC culture method and by the International Organization for Standardization (ISO 6579:2002) culture method. Paired test portions of each food type were simultaneously analyzed by both methods. A total of 21 laboratories representing federal government agencies and private industry, in the United States and Europe, participated in this interlaboratory study. Foods were artificially contaminated with Salmonella and competing microflora if naturally contaminated sources were not available. No statistical differences (p < 0.05) were observed between the AOAC and ISO culture methods for fresh cheese and dried egg products. A statistically significant difference was observed for one of the 2 lots of poultry from the first trial. The poultry meat used in this run was radiation sterilized, artificially contaminated with Salmonella and competitive flora, and then lyophilized. A second trial was conducted with 2 separate lots of raw ground chicken that were naturally contaminated. The results from the second trial showed no statistical difference between the 2 culture methods. A third trial involving 4 laboratories was conducted on 2 separate lots of naturally contaminated raw poultry. Again, no statistically significant differences occurred. It is recommended that ISO 6579:2002 culture method for Salmonella be adopted Official First Action for the analysis of fresh cheese, fresh chilled and frozen poultry, and dried egg products. O ver several decades, standardized methods for detection of Salmonella in food and food ingredients have been independently developed in both the United States and Europe. Although the basic procedures are similar, differences exist in the specified media and incubation conditions. The rapidly increasing development of international commerce and the critical need for worldwide cooperation and exchange of data, particularly during the occurrence of a food contamination outbreak, necessitates harmonized testing standards worldwide for the detection of Salmonella.
Three food types were analyzed for the presence of Salmonella by the AOAC culture method and by the International Organization for Standardization (ISO 6579:2002) culture method. Paired test portions of each food type were simultaneously analyzed by both methods. A total of 21 laboratories representing federal government agencies and private industry, in the United States and Europe, participated in this interlaboratory study. Foods were artificially contaminated with Salmonella and competing microflora if naturally contaminated sources were not available. No statistical differences (p < 0.05) were observed between the AOAC and ISO culture methods for fresh cheese and dried egg products. A statistically significant difference was observed for one of the 2 lots of poultry from the first trial. The poultry meat used in this run was radiation sterilized, artificially contaminated with Salmonella and competitive flora, and then lyophilized. A second trial was conducted with 2 separate lots of raw ground chicken that were naturally contaminated. The results from the second trial showed no statistical difference between the 2 culture methods. A third trial involving 4 laboratories was conducted on 2 separate lots of naturally contaminated raw poultry. Again, no statistically significant differences occurred. It is recommended that ISO 6579:2002 culture method for Salmonella be adopted Official First Action for the analysis of fresh cheese, fresh chilled and frozen poultry, and dried egg products. O ver several decades, standardized methods for detection of Salmonella in food and food ingredients have been independently developed in both the United States and Europe. Although the basic procedures are similar, differences exist in the specified media and incubation conditions. The rapidly increasing development of international commerce and the critical need for worldwide cooperation and exchange of data, particularly during the occurrence of a food contamination outbreak, necessitates harmonized testing standards worldwide for the detection of Salmonella.
A multilaboratory international collaborative validation study was conducted to demonstrate the equivalence of the AOAC culture method (1) to the draft Standard prEN ISO/DIS 6579:2000 culture method (2) for the detection of Salmonella in fresh cheese, dried egg products, and poultry products.
Collaborative Study

Design of Study
This interlaboratory study was conducted in 2 parts. In the first phase of the study, specificity data were generated for the isolation agars used in the ISO 6579 enrichment protocol (2) . A total of 125 Salmonella strains and 35 non-Salmonella strains were examined. All strains were initially pre-enriched in buffered peptone water (BPW). Growth in the overnight BPW enrichment was enumerated on plate count agar (PCA). A 0.1 mL aliquot of the pre-enrichment broth was transferred to a 10 mL tube of Rappaport-Vassiliadis soya peptone broth (RVS) and incubated overnight. A 1.0 mL aliquot of pre-enrichment broth was also transferred to a 10 mL tube of Muller-Kauffmann tetrathionate broth + novobiocin (MKTT+n) for overnight incubation. The relative recovery of organisms (both Salmonella and non-Salmonella) in each of the selective broths was compared by counting populations grown in broth cultures on a nonselective agar (e.g., PCA). Cultures grown in selective broths were also spiral plated onto several Salmonella isolation agars and counted to compare the selectivity of the agars. Colony morphology was noted for each organism isolated on each selective agar. The data for the Salmonella strains are presented in Table 1 . Data for non-Salmonella strains are presented in Table 2 . All specificity data were produced at Agence Française de Sécurité Sanitaire des Aliments (AFSSA; Ploufragan, France).
Three food types were tested for the second part of this interlaboratory study: fresh cheese, dried egg product, and diced poultry. Raw ground poultry was also analyzed in 2 independent runs after the initial evaluation of diced poultry. If a naturally contaminated source was not obtained for a selected food group, the product was artificially contaminated with a species of Salmonella and an excess of competitive microflora ( Table 3 ). The contaminating microflora was at least 100 times higher than the Salmonella culture used to inoculate the food. Foods were artificially contaminated with Salmonella at 2 levels: a high level, where predominantly positive results were expected, and a low level, where fractional recovery was anticipated. Recovery was fractional when at least one of the methods being compared yielded a partial number of positive determinations at one contamination level.
Five test portions were tested for each contamination level in the initial and second trials of dried egg product. For the second (poultry II) and third (poultry III) trials of raw poultry, 6 test portions were analyzed for each contamination level to comply with revisions to the AOAC sample requirements for collaborative studies evaluating qualitative methods (3).
Inoculation of Foods
Laboratories in Europe prepared all foods, except poultry II and III. Fresh cheese test portions were prepared by Cen- Table 3 . The fresh cheese test portions were inoculated with a lactose-positive, atypical strain of S. montevideo, provided by the U.S. Food and Drug Administration (FDA). All foods, except poultry II and III, were artificially inoculated to achieve fractional recovery for at least one contamination level on the day of analysis. Fresh cheese, dried egg product, and poultry I test portions were maintained in a chilled condition during shipment; poultry II and III test portions were shipped frozen. Most probable number (MPN) procedures were conducted on the day of initiation of analyses and were used to estimate the number of Salmonella per gram for each food. Three replicates of 100, 10, 1, and 0.1 g test portions were evaluated as stated in the AOAC Official Method for poultry and dried egg product. Fresh cheese was enriched in accordance with the FDA Bacteriological Analytical Manual (BAM; 4).
Test Portion Distribution
Test portions of each product were prepared and distributed to appropriate collaborators. Food types prepared in Europe, which were to be analyzed in the United States, were shipped by express mail under chilled conditions (one shipment per food) to BCS. The appropriate test portions were then shipped overnight to North American participants. The poultry II test portions, prepared by the BCS laboratory, were shipped on dry ice to AFSSA and subsequently delivered overnight to the European collaborators. Poultry III test portions were shipped overnight on dry ice from the BCS laboratory to the participating collaborators in North America.
Collaborators received paired sets of 15 test portions of fresh cheese, dried egg product I, and poultry I, each containing 25 g test material per portion. For each inoculated food type, 5 of the 15 test portions were uninoculated controls. For the second trial of dried egg product (dried egg product II), collaborators received paired sets of 10 test portions containing 25 g test material in each portion. For poultry II and III, collaborators received paired sets of 12 test portions containing 25 g test material in each portion.
Analysis of Foods
Collaborators were instructed to analyze paired test portions by both the AOAC (1) and ISO 6579:2002 (2) culture methods. The enrichment procedures for AOAC and ISO methods are given in Figures 1 and 2 , respectively. Enrichments from all test portions were analyzed to determine if Salmonella were present according to ISO and AOAC methods. Raw data were recorded on the appropriate worksheets and submitted to AFSSA (for the European laboratories) and BCS (for U.S. laboratories) for review and tabulation of results.
Statistical Analysis
A pair-wise statistical analysis of the methods was performed for each food type and inoculation level by using the method of McNemar (5) . A Chi square value of 3.84 was indicative of a significant difference at the 5% level. Data analysis included sensitivity and specificity rates, and percent agreement for each food type, according to the method of McClure (6). (Applicable for the detection of Salmonella in fresh cheese, dried egg products, and fresh chilled and frozen poultry.)
See Table 2002 .10 for the results of the interlaboratory study supporting acceptance of the method.
Note: Selective enrichment combination Muller-Kauffmann tetrathionate broth/Rappaport-Vassiliadis soya broth may not be effective for the recovery of S. typhi and S. paratyphi from foods. The sensitivity rate is the ratio of the number of test positives to the number of known positive test portions. A known positive test portion is defined as a test portion that was positive from either the ISO or AOAC methods.
A. Principle
Salmonella are resuscitated under nonselective conditions and then propagated through the use of selective enrichment broths to levels that can be successfully recovered when isolated on selective agars.
B. Apparatus
d Incidence of false negatives is 100 -sensitivity rate. Low number of total confirmed positives will result in high false negative data.
e The specificity rate is the ratio of the number of test negatives to the number of known negative test portions. A known negative test portion is defined as a test portion that was negative from either the ISO or AOAC methods.
f Incidence of false positives is 100 -specificity rate.
g Rate reflects number of confirmed determinations that were equivalent between ISO and AOAC.
h NA = Not applicable. Samples were not inoculated with Salmonella.
in the dark for up to 6 months. To prepare complete RVS broth, combine 1000 mL Solution A, 100 mL Solution B, and 10 mL Solution C. 4 .75 g ox bile, and 9.5 mg brilliant green in 1 L water. Boil gently for 1 min. Cool below 45°C and store at 5-8°C. The base solution should be pH 7.0 ± 0.2. Prepare I-KI solution by dissolving 25 g KI in 25 mL water, adding 20 g resublimed I, dissolving, and diluting to 100 mL with sterile water. Prepare novobiocin solution by dissolving 0.04 g novobiocin sodium salt in 5 mL water. Filter-sterilize through 0.2 mm filter. On the day the medium is used, add 19 mL I-KI solution, 9.5 mL brilliant green solution, and 5.0 mL novobiocin per 1 L basal broth. Resuspend precipitate by gentle agitation, and aseptically dispense 10 mL portions into 16´150 mm sterile test tubes. Do not heat medium after addition of I-KI and novobiocin solutions. to L-lysine decarboxylation medium, C(i). Close tube caps tightly after inoculation and incubate at 35-37°C for 24 ± 2 h. Salmonella spp. give purple color of alkaline reaction throughout broth (final color is slightly darker than original purple color of medium). Sometimes tubes that are yellow after 8-12 h of incubation change to purple later. Negative test is permanently yellow throughout broth. If medium appears to be discolored (neither purple nor yellow), add a few drops of 0.2% bromocresol purple dye, C(j), and reread the reaction. 
Results
Specificity Study
In the first phase of the interlaboratory study, specificity data were generated for Salmonella and non-Salmonella strains using the ISO 6579 enrichment protocol with isolation agars used in this interlaboratory study. PCA enumeration of all Salmonella strains were performed after pre-enrichment and after selective enrichment to compare growth levels in nonselective and selective broths. In general, after overnight incubation in BPW, most Salmonella levels were approximately 10 8 colony forming units/mL (CFU/mL; Table 1 ). Overall, growth levels of Salmonella strains in MKTT+n or RVS, as determined by plating on PCA, were equal to or as great as 1 log lower than those of the same strain in BPW. Twelve strains showed sensitivity (2 logs lower in growth) to RVS broth as evidenced by the decreased populations in RVS compared to BPW. Also, there was an increased frequency of Salmonella strains with lower populations in RVS compared to MKTT+n. One Salmonella strain, 11:z:e,n,x, did not grow in RVS medium at all, but was recovered after MKTT+n enrichment (Table 1) .
Following selective enrichment in either MKTT+n or RVS, Salmonella strains were spread-plated onto 7 different selective agars commonly used for Salmonella isolation. These selective agar counts were compared against those on PCA plated from the same broth tube. Most strains produced similar levels on all selective agars, except XLT4, when compared with PCA. A higher incidence of decreased growth (£10 6 CFU/mL) was seen on XLT4 compared to the other 7 agars, regardless of which selective enrichment was used.
A concern was raised about the recovery of S. typhi and S. paratyphi in MKTT+n selective broth. Two strains of S. paratyphi and 8 strains of S. typhi were tested with the ISO enrichment protocol. All 10 strains survived enrichment in MKTT+n except S. paratyphi C. This strain, however, survived the enrichment in RVS (Table 1) .
For the non-Salmonella strains tested, RVS appeared to be equal or more productive than MKTT+n at minimizing competitor growth ( Table 2 ). The colony morphology of surviving microorganisms was different from that of typical Salmonella for the 6 selective agars evaluated, thus facilitating Salmonella isolation and recovery.
Collaborative Study
Twenty-one laboratories participated in this study (Table 4). There were 6 interlaboratory test runs: one of cheese, 3 of poultry, and 2 of dried egg product. Two laboratories participated in all 6 runs, 6 in 5 test runs, 5 in 4 runs, and another 5 in 3 runs. Two laboratories participated in 2 food runs and one participated in only one food run. The first run for each food type had 15 paired test portions, representing 5 portions each of high level, low level, and uninoculated samples, as well as a positive culture and negative media control. Ten paired test portions, representing 5 inoculated and 5 control samples, were analyzed in dried egg run II. Collaborators participating in poultry runs II and III analyzed 12 paired test portions, representing 6 samples from each of 2 lots of naturally contaminated poultry. The change in the number of test portions analyzed for poultry II and III were made to comply with AOAC guidelines that increased the sample size to 6 per level and reduced the minimum number of laboratories to 10 (3).
At the end of the study, valid data were submitted from 956 paired test portions that included 204 naturally contaminated, 488 inoculated, and 264 control test portions. Of the 956 total reported test portions, 411 were confirmed positive and 393 were negative by both the AOAC and ISO culture methods. Seventy-five test portions were confirmed positive by the AOAC method but negative by the ISO culture method; 77 test portions were negative by AOAC and positive by the ISO method. Tables 5-10 present individual collaborator results.  Table 2002 .10 summarizes the test results for AOAC and ISO, as well as sensitivity rates for each food type and inoculation level. For each inoculation level or lot of naturally contaminated food, the actual population of Salmonella was quantified by MPN determination on the day of analysis for each food type. These results are discussed under individual food types.
Fresh Cheese
Seventeen laboratories from Europe and North America agreed to participate in the analysis of fresh cheese. Laboratory 22 reported an uninoculated control as positive for the inoculated microorganism. Laboratory 27 did not complete test portion confirmations. Data from these laboratories were excluded from the analysis. The remaining 15 laboratories followed study instructions (Table 5 ). Test portions inoculated at the low level contained 0.028 CFU/g. Fifty-three test portions were confirmed positive by both AOAC and ISO methods; 6 test portions were confirmed negative by both methods. Four test portions were negative by the AOAC method, but confirmed positive by the ISO method. Twelve test portions were positive by the AOAC method, but negative by ISO. The high inoculation level test portions contained 1.49 CFU/g. Sixty-five test portions were confirmed positive and 4 were confirmed negative by both methods. One test portion was negative by the AOAC method but confirmed positive by ISO, and 5 test portions were positive by AOAC, but negative by the ISO method. All uninoculated control test portions were negative by AOAC and ISO.
Analysts on both continents reported similar results by both culture methods, indicating that no bias in the results could be attributed to either group of participants lacking familiarity with the other procedure (i.e., ISO or AOAC). On a qualitative basis, the productivity of the AOAC method appeared to be higher than that of the ISO method. Apparent differences between the 2 methods were magnified, however, when different primary enrichment broths were used. Statistically, Chi square analysis for fresh cheese at the low level 
Dried Egg Powder
Dried egg powder was prepared 2 times. In the first interlaboratory run, 19 laboratories from Europe and North America agreed to participate. Laboratories 4, 22, 25, and 27 reported uninoculated control test portions as positive for the inoculated microorganism. Data from these laboratories were excluded from the analysis. Laboratory 18 reported 2 leaky enrichment bags. These paired samples were removed from data analysis. The remaining 15 laboratories reported all uninoculated control test portions as negative and reported valid data as indicated by summary worksheets ( square analysis for dried egg product was 0.5 at the low level and 0.0 at the high level, indicating that the 2 methods are comparable. The recovery rate of the dried egg product was higher than expected. Therefore, a second trial, involving fewer laboratories, was conducted with a lower inoculation level of Salmonella to achieve fractional recovery. In the second run, 9 laboratories agreed to participate. Laboratory 28 reported an uninoculated control test portion as positive for the inoculated microorganism. Data from this laboratory were excluded from the analysis. All other laboratories submitted valid data (Table 7 ). Only a low contamination level and uninoculated controls were analyzed in the second run. The MPN of the low level was 0.028 CFU/g. Eight test portions were confirmed positive by both AOAC and ISO methods; 16 test portions were negative by both methods. Eleven test portions were confirmed positive by AOAC, but negative by the ISO method; 5 test portions were positive by the ISO method, but negative by AOAC. All uninoculated 
Poultry
Poultry was prepared 3 times. For poultry run I, radiation-sterilized meat was subsequently inoculated with Salmonella and an excess of competitive microflora. It was then lyophilized before shipment for analysis. Twenty laboratories from Europe and North America agreed to participate in analyzing poultry. Laboratories 2, 4, 12, and 20 reported uninoculated control test portions as positive for the inoculated microorganism. Laboratory 27 did not follow study instructions. Data from these laboratories were excluded from the analysis. Laboratory 18 reported a leaky enrichment bag. The sample number was removed from data analysis. Fifteen laboratories followed study instructions (Table 8) . Test portions inoculated at the low level contained 0.147 CFU/g. Thirty-eight test portions were confirmed positive by both AOAC and ISO methods; one test portion was negative by both methods. Thirty-four test portions were negative by AOAC, but confirmed positive by the ISO method. One test portion was confirmed positive by AOAC, but negative by the ISO method. The high inoculation level test portions contained 0.231 CFU/g. Seventy test portions were confirmed positive by both AOAC and ISO methods. Five test portions were confirmed positive by ISO, but negative by the AOAC method. No test portions were negative by ISO, but positive by AOAC. All uninoculated media controls were negative. Chi square analysis for poultry was 29.3 at the low level and 3.2 at the high level, indicating a significant difference in recovery between the 2 culture methods at the low level. There was no significant statistical difference between the 2 methods at the high level of inoculation, although the ISO method detected more positive samples than did the AOAC method.
The poultry used in the first analysis consisted of radiation-sterilized chicken that was artificially contaminated and then lyophilized at -70°C for 48 h. The lyophilized pellets were stored at 4°C until the day of analysis. Content uniformity studies were conducted at the laboratory that prepared the samples. Overall, the MPN data indicated reasonable uniformity in the samples; however, some of the data points demonstrated nonuniformity at certain test intervals during the uniformity studies. This may have contributed to the differences seen between the 2 culture methods, or it could reflect the variable nature of MPN analysis. Also, MPN data produced at the preparative laboratory (CSL) was compared to MPN data produced in the lead North American laboratory (BCS) on the day that the test portions were analyzed. A significantly lower MPN recovery was measured by the North American laboratory on the test date.
It was decided that a second run should be conducted using raw ground poultry naturally contaminated with Salmonella. Two lots of contaminated ground poultry were purchased at the retail level in Seattle, WA. For each lot of poultry, individ- 
ual packages were combined and thoroughly mixed, divided into the appropriate number of test portions, and stabilized at -20°C before shipping on dry ice to all collaborators worldwide for analysis. For poultry run II, 13 laboratories from Europe and North America agreed to participate. All laboratories conducted the study properly ( 
AOAC method, but confirmed negative by the ISO method. Analysts on both continents reported similar results by both culture methods, indicating no bias in the results that could be attributed to either group of participants lacking familiarity with the reciprocal procedure. Chi square analysis for poultry was 0.0 for Lot 1 and 3.1 for Lot 2, indicating that the methods were comparable, although the AOAC method detected more positives in run II than did the ISO method. In summary, the ISO method appeared to perform better than the AOAC method in one trial with irradiated diced chicken containing a highly competitive artificial microflora. In another trial using naturally contaminated raw ground chicken, the AOAC method was qualitatively more productive for one lot of poultry analyzed, but not statistically significant. For the second lot of poultry (in run II), the ISO method detected one additional positive, which is not significant.
A concern over the discrepancy in recovery between the AOAC and ISO methods prompted a third evaluation of raw ground chicken. Four laboratories, 3 U.S. regulatory laboratories and the sponsoring laboratory, participated in this analysis (Table 10) . Two lots of naturally contaminated raw ground chicken were analyzed. Each collaborator analyzed 6 randomized paired test portions per lot of ground chicken by the AOAC and ISO methods for a total of 48 paired test portions analyzed in the 3rd trial.
Test portions for Lot 1 contained 0.023 CFU/g. Eight test portions were confirmed positive by both AOAC and ISO methods; 3 test portions were negative by both methods. Five ----+  +  -----2  ------+  -----4  ----+  -------5  +  -+  -----+  ---1 1  --+  ---+  ----- 1 8 -
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test portions were negative by the AOAC method, but confirmed positive by the ISO method. Eight test portions were confirmed positive by the AOAC method, but negative by the ISO method. Chi square analysis for Lot 1 was 0.31, indicating no significant differences in recovery between the 2 methods. Test portions for Lot 2 contained 0.042 CFU/g. Fourteen test portions were confirmed positive by both AOAC and ISO methods; one test portion was negative by both methods. Three test portions were negative by AOAC, but confirmed positive by the ISO method. Six test portions were confirmed positive by AOAC, but negative by the ISO method. Chi square analysis for Lot 2 was 0.44, indicating no significant differences in recovery between the 2 methods.
Discussion
The specificity data generated using the ISO 6579:2002 enrichment protocol indicated that 124 of 125 Salmonella strains tested were recovered from both selective enrichments, regardless of which isolation agar was used.
The data generated from the fresh cheese and dried egg product runs demonstrated equivalence of AOAC 2000.06 and 967.26 and ISO 6579:2002 culture methods (Table 2002.10) for these 2 specific food types. No statistically significant differences in recovery, as measured by Chi square, were detected between the methods for any of the inoculation levels of the 2 food types.
The first run for poultry using inoculated, then lyophilized, chicken meat resulted in significantly more Salmonella recovered by the ISO method for the low level (Table 2002. 
10).
There was no statistically significant difference between the AOAC and ISO methods for the high level. A second run using naturally contaminated poultry rather than inoculated and lyophilized chicken was conducted. In the second run, the methods were statistically comparable as measured by Chi square. The third run confirmed that there are no statistical differences in recovery between the 2 methods.
On a qualitative basis, the productivity of the AOAC method generally appeared to be higher than that of the ISO method. Apparent differences between the 2 methods were magnified, however, when different primary enrichment broths were used. However, there were no statistically significant differences between the 2 methods as determined by Chi square analysis. The contamination levels in the study were generally low compared to protocol specified levels. For the low level, actual contamination levels of the foods analyzed ranged from 0.009 to 0.147 CFU/g (excluding egg product I, low level), or 0.23 to 3.7 CFU/25 g test portion compared to the proposed 5-10 CFU/25 g test portion. The low levels of inoculation were combined with 2 separate enrichment protocols. These lower contamination levels provided the benefit of achieving fractional recovery data for end point determination.
Recommendation
Based on the data generated from this international multilaboratory collaborative study, it is recommended that ISO 6579:2002 be adopted Official First Action for the detection of Salmonella in fresh cheese, dried egg products, and fresh chilled and frozen poultry products.
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